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© The present invention relates generally to modified microorganisms suitable for use as live in ovo vaccines 
for avian species. The live in ovo vaccines of the present invention are useful for inducing immunity before or 
immediately after hatching against a virulent form of the modified microorganism or a microorganism im- 
munologically related to the modified microorganism or a virulent organism or virus carrying an antigenic 
determinant expressed by the modified microorganism in the live vaccine. The subject live in ovo vaccines are 
particularly efficacious in enhancing the survival rate of newly-hatched poultry birds. 
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Field Of The Invention 

The present invention relates generally to modified microorganisms suitable for use as live in ovo 
vaccines for avian species. The live in ovo vaccines of the present invention are useful for inducing 
immunity before or immediately after hatching against a virulent form of the modified microorganism or a 
microorganism immunologically related to the modified microorganism or a virulent organism or vims 
carrying an antigenic determinant expressed by the modified microorganism in the live vaccine. The subject 
live in ovo vaccines are particularly efficacious in enhancing the survival rate of newly-hatched poultry 
birds. 

Background Of The Invention 

Infection of avian species by microorganisms, viruses, helminths, yeasts and protozoans can have 
serious environmental, ecological and commercial implications. Not only are the birds themselves at risk, 
but there is also the potential of the infecting agent to spread to other animals, including humans. 

The poultry industry is particularly vulnerable to significant economic losses due to the susceptibility of 
stock birds, and in particular newly-hatched stock birds, to rapidly spreading infections. In poultry birds, 
infection by Salmonella species, generally referred to as salmonellosis, is the most common form of 
infection causing high mortality rates. Many species of Salmonella also cause infection in humans and 
other animals and, hence, control of salmonellosis in poultry birds is of particular importance. Two of the 
most common species of Salmonella isolated from poultry birds are Salmonella typhimurium and 
Salmonella enteritidis. Both organisms contribute significantly to the outbreaks of salmonellosis and, in 
fact, S. enteritidis phage type 4 emerged as a significant threat to public health in Britain during the mid 
1980's. 

Chemotherapy and chemoprophylaxis have been used as forms of protective measures to combat 
poultry diseases such as salmonellosis. However, such measures are not always successful, are quite 
expensive, may lead to the development of drug resistance amongst infecting agents and are not 
necessarily acceptable to pubfic health authorities for birds destined for human or animal consumption. For 
these and other related reasons, alternative forms of protection for avian species have been the subject of 
intense scientific research. 

One form of protection proposed is the development of vaccines against poultry diseases. Live 
attenuated Salmonella vaccines have been shown to protect chickens (Cooper et a/., Microb. Pathog., 9: 
255-265, 1990; Hassan and Curtiss 111, Res. Microbiol., 141: 839-850, 1990). Furthermore, Salmonella 
strains with a transposon inserted at or near aroA of the aromatic biosynthetic pathway have been shown to 
be attenuated, yet still capable of residing in tissue for sufficient time to stimulate an immune response 
(Stacker, Vaccine, 6: 141-145, 1988; U.S. Patent No. 4,735,801; U.S. Patent No. 5,210,035). Cooper, et ai., 
Vaccine 10: 247-254, 1992, made two strains of S. enteritidis phage type 4 with mutations in the aroA 
gene. These mutant strains were used as a live oral vaccine against oral and intravenous challenge. The 
results presented by Cooper ef a/., supra, showed that the S. enteritidis vaccines were protective in 
chickens following oral ingestion. 

Notwithstanding the purported efficacy of the live oral vaccines comprising Salmonella species in 
protecting chickens, newly-hatched birds are particularly susceptible to Salmonella infection and a high 
mortality rate immediately post-hatching can have serious economic consequences. Furthermore, admin- 
istering live oral vaccines is not always convenient and difficulties may result in ensuring adequate doses 
are received by the birds. Another option, therefore, is to inoculate the birds when in ovo. 

European Patent Application No 0 291 173 proposed the administration of a non-replicating immunogen 
designed to induce immunity in embryos prior to hatching. The method was said to be especially useful for 
immunizing birds against avian coccidiosis using a sporulated Eimeria tenella oocyst extract. U.S. Patent 
No. 4,458,630 also teaches that birds can be immunized against Marek's disease by injecting eggs, prior to 
hatching, with a replicating viral vaccine. However, in both cases, inoculation was intra-embryo, such as into 
the yolk sac or chorion allantoic fluid. If bacteria were to be inoculated in such a manner, the bacteria would 
"blow" the egg, causing it to go rotten and causing the embryo to die. 

There is a need, therefore, to improve the technology relating to in ovo vaccines so that avian species 
can be protected against challenge by virulent organisms such as virulent strains of Salmonella. In 
accordance with the present invention, the inventors have discovered that microorganisms rendered 
attenuated or avirulent may be inoculated into defined tissues in ovo and that birds upon hatching are 
protected from challenge with a corresponding wild-type microorganism. The method of the present 
invention also enables the use of the modified microorganisms to carry antigenic epitopes in the form of 
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immunogens for other avian pathogens to induce immunity against those pathogens. The present invention 
represents a major breakthrough in protecting newly-hatched birds and offers significant commercial 
advantages to poultry management. 

s Summary Of The Invention 

Accordingly, one aspect of the present invention provides a live in ovo vaccine for avian species 
comprising an attenuated microorganism which: 

(a) exhibits auxotrophy to one or more growth factors, such that it is incapable of growing on a minimal 
io medium in the absence of said one or more growth factors; 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching; and 

(c) is capable of inducing before or immediately after hatching an immune response in the embryo 
against a virulent form of said microorganism or an immunologically cross-reactive microorganism or a 
virulent organism or virus carrying an antigenic determinant expressed by said attenuated microorgan- 

rs ism. 

Another aspect of the present invention contemplates a live in ovo vaccine for poultry birds comprising 
an attenuated Salmonella which: 

(a) exhibits auxotrophy for one or more growth factors such that it is incapable of growing on a minimal 
medium in the absence of said one or more growth factors; 
20 (b) is capable of colonizing one or more tissues in an embryo prior to hatching; and 

(c) is capable of inducing before or immediately after hatching an immune response in the embryo 
against a virulent form of said Salmonella or an immunologically cross-reactive Salmonella or a virulent 
organism or virus carrying an antigenic determinant expressed by said avirulent Salmonella. 
Yet another aspect of the present invention is directed to a method for immunizing an avian species 
25 against infection by a pathogenic microorganism said method comprising administering in ovo an attenu- 
ated microorganism which: 

(a) exhibits auxotrophy to one or more growth factors such that it is incapable of growing on a minimal 
medium in the absence of said one or more growth factors; and 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching 

30 in an amount and under conditions effective to induce an immune response in the embryo before or 
immediately after hatching against a virulent form of said attenuated microorganism or an immunologically 
cross-reactive microorganism or virulent organism or virus carrying an antigenic determinant expressed by 
said attenuated microorganism. 

Still yet another aspect of the present invention relates to a method for immunizing poultry birds against 

35 infection by a pathogenic microorganism said method comprising in ovo administration of a vaccine 
comprising an attenuated Salmonella which: 

(a) exhibits auxotrophy to one or more growth factors such that it is incapable of growing on a minimal 
medium in the absence of said one or more growth factors; and 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching 

40 in an amount and under conditions effective to induce an immune response in the embryo before or 
immediately after hatching against a virulent form of said Salmonella or a virulent organism or virus 
carrying an antigenic determinant expressed by said attenuated Salmonella. 

Another aspect of the present invention contemplates a fertilized egg from a poultry bird having an air 
sac wherein the air sac is inoculated with a modified microorganism which: 
45 (a) exhibits auxotrophy to one or more growth factors such that it is incapable of growing on a minimal 
medium in the absence of said one or more growth factors; and 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching after the embryo breaks 
through the air sac; and 

(c) is capable of inducing an immune response in the embryo before or immediately after hatching 
so against a virulent form of said microorganism or an immunologically cross-reactive microorganism or 

virulent organism or virus carrying an antigenic determinant expressed by said avirulent microorganism. 

Brief Description Of The Figures 

55 Figure 1 is a photographic representation of the plasmid profile in S. typhimurium STM-1 and in its 
wild-type parent Lane 1 : H/ndlll digested Lambda standard; Lane 2: wild-type; Lane 3: STM-1 . 

Figure 2 is a graphical representation of splenomegaly induced by S. typhimurium STM-t and its wild- 
type parent -•- wild-type; — - STM-1 ; control. 
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Figure 3 is a graphical representation of viable counts in the spleen of mice infected with wild-type & 
typhimurium. -m- wild-type; -ae- control. 

Figure 4 is a graphical representation of viable counts in the spleen of mice infected with S. 
typhimurium STM-1. — STM-1; control, 
s Figure 5 is a graphical representation of viable counts in the spleen of mice infected with 5. 
typhimurium STM-1 and its wild-type. 

wild-type; — STM-1 ; ^fc- control. 

Figure 6 is a graphical representation of antibody trtre (IgG) in chickens inoculated with S. typhimurium 
STM-1. 

10 Figure 7 is a graphical representation of antibody titre in chicken following oral inoculation with $. 
typhimurium STM-1. 

Figure 8 is a graphical representation of antibody titre in chickens following oral inoculation with 5. 
typhimurium STM-1. 

Figure 9 is a graphical representation of antibody titre in chickens following subcutaneous inoculation 
T5 with S. typhimurium STM-1. 

Figure 10 is a graphical representation of antibody titre in chickens following subcutaneous inoculation 
with $. typhimurium STM-1 . 

Detailed Description Of The Invention 

20 

One aspect of the present invention provides modified microorganisms in the form of live in ovo 
vaccines capable of facilitating protection of avian species from microbial infection or to immunize the avian 
species against an immunogen expressed in the live vaccine. The term "live in ovo vaccine" as used in the 
specification and claims herein, is to be considered in its broadest sense and specifically includes an 

25 attenuated or avirulent microorganism incapable of replicating in a minimal medium while retaining its ability 
to colonize embryonic tissue in ovo prior to hatching. The preferred embryonic tissue in this regard is 
associated with the air sac and is, in particular, the air sac membrane. After hatching or immediately prior to 
hatching, the attenuated or avirulent microorganism colonizes tissues such as the colon, respiratory tract 
and lung. The live in ovo vaccine of the present invention may also provide the additional advantage of 

M competitively excluding pathogenic microorganisms from the newly-hatched bird, and the presence of the 
vaccine may generally stimulate the immune system in the birds against other potential antigens. 

Avian species contemplated by the present invention include chickens, ducks, turkeys, geese, bantams, 
quail and pigeons. The most preferred avian species are commercially important poultry birds such as 
chickens, ducks and turkeys. 

35 Candidates for use in live in ovo vaccines may be selected on the basis of the protection sought. For 
example, where protection is sought against a particular species of microorganism or genus of microorgan- 
ism, then an attenuated or avirulent strain of the species or genus is selected. Such a selection requires that 
the attenuated or avirulent microorganism retain the ability to induce an immune response cross-reactive 
with a corresponding wild-type strain while not being pathogenic to either the avian species or other animals 

40 such as humans. However, where the live in ovo vaccine is being used as a carrier for an immunogen, and 
generally a recombinant immunogen, then it is not essential that the attenuated or avirulent microorganism 
induce a cross-reactive immune response to its corresponding wild-type microorganism. Although it may 
seem advantageous that the immunogen or antigenic epitope carried by the attenuated or avirulent 
microorganism be exposed on the cell surface or synthesized and released by the cell to an extent 

45 sufficient to induce an immune response to the immunogen or antigenic epitope, it may not be essential. 
Such an immune response then protects the avian species from infection by microorganisms or other 
pathogenic agents, naturally expressing the immunogen. 

Avian pathogenic agents contemplated by this aspect of the present invention include one or more 
agents selected from microorganisms, helminths, protozoans, yeasts and viruses. Preferred immunogens or 

so antigenic epitopes are those from the causative agents of avian leucosis, reticutoendoetheliosis, infectious 
bronchitis, infectious bursal disease, Newcastle's disease, adenovirus disease, reovirus disease, pox 
disease, laryngotracheitis, avian influenza, infectious coryza, fowl typhoid, coccidiosis, cryptosporidiosis and 
fowl cholera. Another preferred immunogen or antigenic epitope is from the species Eimeria such as from 
Eimeria acervulina, Eimeria mivati, Eimeria mitis, Eimeria praecox, Eimeria hagani. Eimeria necatrix, 

55 Eimeria maxima, Eimeria brunetti and Eimeria tenella. The most preferred species is £ tenelia. 

Regardless of the criteria employed to select the candidate microorganism for use in a live in ovo 
vaccine, the subject microorganism must be processed to render same attenuated or avirulent (where the 
organism is pathogenic) and/or to induce one or more mutations substantially incapable of reversion. A 
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substantially non-revertible mutant is considered herein to have a reversion frequency of £10~ 8 , more 
preferably S10 -9 and even more preferably £10~ 10 . In a most preferred embodiment, the present invention 
contemplates a mutation with, in effect, a zero probability of reversion. 

A suitable mutation involves single or more preferably multiple nucleotide substitutions, deletions and/or 

s additions to a target genetic sequence in the genome of a candidate microorganism. In this context, a 
genome includes extrachromosomal elements such as plasmid DNA. The mutation is designed to ensure 
that the organism is incapable of growing on minimal medium due to its inability to synthesise one or more 
factors essential for growth of the microorganism. Such a mutant organism is known as a auxotrophic 
mutant. The mutation to auxotrophy may also result in attenuation or avirulance of the microorganism or the 

w latter may require additional steps such as continual passage through nutrient media. The use of an 
auxotrophic mutant in the live in ovo vaccine assists in reducing spread of the organism by the bird 
shedding a microorganism substantially incapable of crowing in the environment. 

The method of the present invention is predicated in part on the use of an attenuated or avirulent 
microorganism capable of colonizing embryonic tissue and, in particular, air sac tissue, while being 

75 substantially non-pathogenic to the embryo. The preferred site of inoculation is tissue associated with the 
air sac, such as the air sac membrane, and the modified organisms of the present invention are considered 
those capable of colonizing the air sac side of the air sac membrane white being substantially non- 
pathogenic to the developing embryo, that is, cause no embryo death, or reduced embryo death compared 
to wild-type organisms. Such organisms, however, may show some degree of pathogenicity if inoculated 

20 into different parts of the embryonic tissue. 

Preferred organisms useful for practices in the present invention are species of Salmonella, Shigella, 
Klebsiella, Enterobacter. Serratia, Proteus, Yersinia, Vibrio, Aeromonas. Pasteurella, Pseudomonas, 
Acinetobacter, Moraxella, Flavobacterium, Mycoplasma and Escherichia coll Such microorganisms 
after being rendered attenuated or avirulent are useful for inducing immunity to wild-type strains or to 

25 antigens such as recombinant antigens expressed therein. More preferred microorganisms includes species 
of Salmonella such as Salmonella typhimurium, Salmonella paratyphi A or C, Salmonella schottmulleri, 
Salmonella choleraesuis, Salmonella montevideo, Salmonella newport, Salmonella enteritidis, Salmo- 
nella gallinarum, Salmonella pullorum, Salmonella abortusovi. Salmonella abortus- equi, Salmonella 
dubtin, Salmonella sofia, Salmonella havana, Salmonella bovismorbificans, Salmonella hadar, Salmo- 

30 nella arizonae and Salmonella anatum, and others which are known to infect avian species and, in 
particular, poultry birds. It is particularly preferred to select a species of Salmonella which expresses 
antigens immunologically related to one or more other Salmonella species to facilitate cross species 
protection. 

Preferred Salmonella species are Group B, C (including Ct and C2) and D Salmonella based on 

35 serological testing of lipopolysaccharide antigens. Even more preferred Salmonella include S. typhimurium 
and S. enteritidis. The most preferred microorganism is S. typhimurium. 

The microorganisms such as Salmonella species and in particular S. typhimurium are modified by 
inducing a mutation in a biosynthetic pathway of, for example, an amino acid or vitamin or other essential 
molecule. The mutation may affect biosynthesis of one or more of alanine, arginine, asparagine, aspartic 

40 acid, cysteine, glutamic acid, glutamine, glycine, histidine. i so feu cine, leucine, lysine, methionine, 
phenylalanine, proline, serine; threonine, tryptophan, tyrosine and/or valine. The preferred site of the 
mutation is in an aromatic vitamin biosynthetic pathway and, in particular, the aro pathway. In this pathway, 
phosphoenolpyruvate and erythrose-4-phosphate condense to form 3-deoxyarabinoheptu!osonic aci di- 
phosphate. The pathway continues through a series of intermediates such as shikimate, chorismate and 

45 anthranilate to produce L-tryptophan. From chorismate is produced molecules such as p-aminobenzoate 
(leading to folate), p-hydroxybenzoate (leading to ubiquinones), 3,4-dihydroxybenzoate (leading to vitamin 
K) and prephenate (leading to L-phenylalanine and L-tyrosine). The preferred site of the mutation is in a 
gene before chorismate and is preferably in one or more of aroA, aroB, arcC or aroD. The most preferred 
site of mutation is selected to attenuated or render the organism avirulent while permitting the organism to 

50 still invade and colonize tissues. Such a mutation is one in the aroA gene. 

Any number of techniques may be employed to modify the microorganism to induce the mutation in the 
biosynthetic pathway. One suitable technique involves the use of translocatable elements such as tran- 
sposons. Transposons are segments of double stranded DNA which normally comprise a gene for 
resistance to an antibiotic or other selectable marker together with the required genes to effect an insertion 

55 of a trans poson at one or more sites in the genome of the microorganism. The location of the transposon 
inserted into the genome of the subject microorganism may be determined functionally by determining the 
auxotrophic requirements of the organisms and/or genetically by, for example, hybridization using a suitable 
probe. The modified microorganism may be used with the transposon inserted into the target gene, or loss 
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of the transposon may be selected by, for example, loss of antibiotic resistance or loss of the selectable 
marker. Frequently, the excision of a transposon is concomitant with excision of adjacent DNA resulting in a 
deletion of the target sequence. A preferred type of deletion in this regard results in the loss of two or more 
nucleotides, and preferably results in the loss of two to five nucleotides and more preferably results in the 

s loss of more than five contiguous nucleotides. 

The mutation of a particular microorganism can be facilitated by techniques such as transduction, 
conjugation and transformation. For example, a general transducing phage (for example, P1 or P22) can be 
used to transduce a non-functional biosynthetic gene such as when inactivated by the insertion (or excision) 
of a transposon from its original host to a new target microorganism. Given the broad host range of phages 

10 like P1 or P22, the potential is increased of making the same mutation in a range of organisms. Conjugation 
may be employed involving conjugationaJ crossing of a virulent strain with a non-virulent strain having a 
desired non-reverting mutation in a biosynthetic gene. Transfer of a mutated gene may occur from Hfr or F + 
strain by crossing same with a F~ virulent strain which would result in r ©combinational replacement of a 
wild-type gene by a mutated gene. The use of such techniques is particularly useful in inducing two or 

75 more independent mutations in two or more biosynthetic pathways. These techniques may also be 
employed to introduce heterologous antigens from other species or avian pathogens. 

The exemplified and most preferred microorganism is S. typhimurium strain STM-1 for use in poultry 
birds. It has been surprisingly discovered that this strain of S. typhimurium is capable of colonizing the air 
sac side of the air sac membrane, while not being particularly pathogenic to the embryo following this 

20 colonization, ft has also been surprisingly discovered that this strain can invade and colonize tissues in the 
embryo and newly-hatched birds to permit the establishment of an immune response against virulent forms 
of the organism or immunologically related microorganisms. The exemplification of S. typhimurium STM-1 
is in no way intended to limit the present invention to the microorganism and the present invention extends 
to all modified organisms capable of being used as live in ovo vaccines as herein described. 

25 A sample of Salmonella typhimurium STM-1 was deposited at the Australian Government Analytical 
Laboratories (a Budapest Treaty Depositry), 1 Suakin Street, Pymble, New South Wales, 2037, Australia, on 
October 26, 1993, and has been assigned accession number N 93/43266. The parent, wild-type strain was 
originally isolated from a flock of chickens infected with Salmonella. Phage P22 transduction was then used 
to transduce into S. typhimurium STM-1 a transposon Tn:10 insertion in the aroA gene from S. 

30 typhimurium LT2. Transposon delete mutants which were also aroA~ were then selected. S. typhimurium 
STM-1 is also auxotrophic for serine. 

According to this aspect of the present invention, there is provided a modified Salmonella microorgan- 
ism suitable for use as a live in ovo vaccine. This modified Salmonella microorganism carries a 
substantially non-reverting mutation in a gene encoding an enzyme of a biosynthetic pathway. More 

as particularly, the present invention provides a mutant strain of S. typhimurium suitable for use as a live in 
ovo vaccine. This mutant carries a substantially non-reverting mutation in a gene encoding an enzyme 
required for chorismate biosynthesis in said microorganism. Preferably, the mutation is in aroA, aroB or 
aroC. More preferably, the mutation is in aroA and. still more preferably, the microorganism carries one or 
more mutants in another biosynthetic pathway such as the biosynthetic pathway for serine. Most preferably, 

40 the organism is S. typhimurium STM-1. 

The modified microorganisms of the present invention are used in the preparation of an in ovo vaccine. 
According to this aspect of the present invention, there is provided an in ovo vaccine comprising a modified 
Salmonella microorganism carrying a substantially non-reverting mutation in a gene encoding an enzyme of 
a biosynthetic pathway. More particularly, the present invention provides an in ovo vaccine comprising a 

45 mutant strain of S. typhimurium which carries a substantially non-reverting mutation in a gene encoding an 
enzyme required for chorismate biosynthesis in said microorganism. Preferably, the mutations and the 
microorganism are as hereinbefore defined. Even more preferably, the in ovo vaccine comprises S. 
typhimurium STM-1 . 

The vaccine composition of the present invention must be suitable for injectable use into the egg. The 
so vaccine may comprise a single type of modified microorganism and may also contain two or more types 
depending on whether a multivalent vaccine is required. The composition must further have sufficient 
fluidity to permit easy syringability and should also not contain contaminating bacteria or other organisms. 
In this regard, one convenient approach is to use a modified microorganism which is resistant to a particular 
antibiotic and then to maintain the organism in the presence of the antibiotic in the vaccine composition. 
55 The presence of the antibiotic will kill or inhibit the growth of contaminating organisms. 

The term "multivalent" vaccine is used in its most general sense and extends to a modified 
microorganism capable of stimulating an immune response directed to at least two antigenic epitopes 
expressed on or by the modified microorganism. In this regard, a multivalent vaccine includes, for example, 
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a microorganism capable of inducing an antibody response to two distinct antigenic epitopes on or 
expressed by the modified microorganism where the two or more epitopes are indigenous to the modified 
microorganism. More commonly, however, a multivalent vaccine includes a modified microorganism 
capable of inducing an immune response to virulent forms of said microorganism as well as to heterologous 
5 antigens expressed by said microorganisms (such as recombinant antigens or those introduced by 
transduction, conjugation or transformation) and which are not indigenous to the microorganism. In this 
regard, the multivalent vaccine is directed to two or more pathogenic agents. 

The preferred multivalent vaccines are those capable of inducing an immune response to one or more 
species of Salmonella and to at least one antigenic epitope from one or more avian pathogenic agents 
jo selected from microorganisms, helminths, protozoans, yeasts and viruses. Salmonella species contem- 
plated by this aspect of the present invention comprise and include one or more of Salmonella 
typhimurium, Salmonella paratyphi A or C, Salmonella schottmuileri, Salmonella choleraesuis, Sa/mo- 
nella montevideo, Salmonella newport. Salmonella enteritidis, Salmonella gallinarum t Salmonella 
pullorum, Salmonella abortusovi, Salmonella abortu$-equi, Salmonella dubtin, Salmonella solia. Sai- 
ls monella havana, Salmonella bovismorbificans, Salmonella hadar, Salmonella arizonae and Salmonella 
anatum.. 

More preferably, the immune response is in respect of S. typhimurium and/or S. entertttdis. Avian 
pathogenic agents other than Salmonella species contemplated by this aspect of the present invention 
comprise and include the causative agent of one or more antigenic epitopes from one or more causative 

20 agents of avian leucosis, reticuloendoetheliosis, infectious bronchitis, infectious bursal disease, Newcastle 
disease, adenovirus disease, reovirus disease, pox disease, laryngotracheitis, avian influenza, infectious 
coryza, fowl typhoid, cryptosporidiosis, coccidiosis and fowl cholera. 

The preferred causative agent is a species of Eimeria such as Eimeria acervulina, Eimeria mivati, 
Eimeria mitis, Eimeria praecox, Eimeria hagani, Eimeria necatrix, Eimeria maxima, Eimeria brunetti and 

25 Eimeria tenetla. The most preferred Eimeria species is E. tenella. 

Conveniently, the modified microorganism is maintained in freeze dried form or may be maintained in a 
frozen condition. Such conditions include, for example, storage in glycerol or other suitable medium at 
-70 -C. Generally, the modified microorganism when stored comprises a minimal viable concentration of 10* 
- 10 12 cells per dose of reconstituted vaccine. The stored modified microorganisms are readily reconstituted 

30 in a simple growth medium such as nutrient broth or a tryptic soy broth supplemented with a yeast extract. 
Tryptic soy broth contains digests of casein and soya bean meals together with dextrose, sodium chloride 
and dipotassium phosphate. When growing large volumes of vaccine culture, it is particularly convenient 
initially to grow 200-700 ml cultures and use these to inoculate 7-15 litres of growth medium. These large 
volume cultures are then used to inoculate a production fermenter. The growth of the culture in the 

35 fermenter is monitored by any convenient means such as by optical density. When optical density is the 
growth parameter, at peak density the culture biomass is retained, checked for purity and then chilled and 
concentrated and blended with a suitable carrier prior to freeze-drying. Where the storage technique is 
lyophilization, sterile nitrogen gas may be used to back fill samples containing the culture biomass. The 
lyophilized culture can be reconstituted in any suitable diluent and then used for immediate injection into 

40 the egg. Any suitable carrier may be used, with the most preferred carrier being skim milk powder. Other 
carriers which may be used include water, ethanol, a polyol (for example, glycerol, propylene glycol and 
liquid polyethyleneglycol and the like), vegetable oils and suitable mixtures thereof. 

The present invention further contemplates a method for immunizing newly-hatched birds against 
infection by pathogenic microorganisms. The method further or alternatively provides for the development 

45 of an immune response to recombinant antigens. The method of the present invention is accomplished by 
the in ovo administration of an amount of one or more attenuated or avirulent modified microorganisms 
capable of inducing an immune response against the corresponding "wild-type" microorganism, to im- 
munologically cross reactive microorganisms and/or to any heterologous or non-indigenous (e.g.. recom- 
binant) antigens expressed in the attenuated or avirulent modified microorganism. The modified microorgan- 

50 ism may also competitively exclude other organisms in the tissues and/or generally promote the immune 
responsiveness of the avian host 

In a preferred embodiment, the attenuated or avirulent modified microorganism is capable at the 
inoculated amount of colonizing tissues in the bird either before or after hatching but without having a 
substantially adverse effect on hatchability and/or subsequent chick viability. According to this preferred 

55 aspect of the present invention, there is provided a method for inducing immunity in a newly-hatched bird to 
one or more pathogenic microorganisms, said method comprising administering in ovo an amount of 
attenuated or avirulent microorganism effective to colonize one or more tissues in said bird wherein said 
attenuated or avirulent microorganism carries a mutation (e.g., deletion, substitution or addition of 
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nucleotides) in a gene encoding an enzyme required for chorismate biosynthesis in said microorganism. 

The tissues preferably colonized include, but are not limited to. heart, liver, intestine, bursa of fabricus 
and airsac. For best results, the effective amount of inoculum is in the range of lOMO 1 * colony forming 
units (cfu) per egg. The amount of inoculum determines the extent of colonization and length of immune 
5 response after hatching and also varies due to the type of organism used. Preferred inocula include 
approximately 10', 10 2 , 10 3 , 10\ 10 5 . 10 s , 10 7 , 10 s , 10 9 , 10 10 , 10 n , 10 12 and 10 13 cfu/egg. Even more 
preferred inocula include approximately 10 2 - 10 10 cfu/egg. The most preferred inoculum is in the range 5 x 
10 2 - 5 x 10* cfu/egg. Best results are obtained when the vaccine is inoculated into the air sac where the 
microorganism of the vaccine proceeds to colonize the air sac side of the air sac membrane. Prior to 
io hatching, the embryo punctures the air sac membrane and is exposed to the microorganism, which then 
proceeds to colonize one or more tissues in the embryo before, during and/or after hatching. 

The attenuated or avirulent microorganism is generally inoculated into the egg generally in the last half 
of the incubation term. For example, in the case of chickens, eggs are generally inoculated from about 
incubation day 12 to about incubation day 20. Preferably, the inoculation occurs from between day 14 to 
is about day 19. More preferably, the chicken eggs are inoculated at about day 15-1 a For duck eggs, the 
preferred inoculation times are from about day 16 to about day 27, more preferably, from about day 18 to 
about day 26 and even more preferably from about day 22 to about day 24. 

The present invention also extends to fertilized eggs inoculated with the vaccine prior to incubation. The 
eggs are conveniently packaged for sale with or without instructions for subsequent incubation. 
20 According to this aspect of the present invention, there is provided a fertilized egg from a poultry bird 
having an air sac wherein the air sac is inoculated with a modified microorganism which: 

(a) exhibits auxotrophy to one or more growth factors such that it is incapable of growing on a minimal 
medium in the absence of said one or more growth factors; and 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching after the embryo breaks 
25 through the air sac; and 

(c) is capable of inducing an immune response in the embryo before or immediately after hatching 
against a virulent form of said microorganism or an immunologically cross-reactive microorganism or 
virulent organism or virus carrying an antigenic determinant expressed by said avirulent microorganism. 

Administration of the inoculum is conveniently by injection and generally injection into the air sac. The 

30 organism colonizes the air sac and the bird is exposed to the organism after breaking through the air sac 
prior to hatching. The bird may then take in the organism via the respiratory and/or oral tracts. Notwith- 
standing that the air sac is the preferred route of in ovo administration, other regions such as the yolk sac 
or chorion allantoic fluid may also be inoculated by injection. In the case of inoculation into the yolk sac or 
other fluids, a lower inoculum is generally favored and/or an attenuated or avirulent organism with a reduced 

35 growth rate is used so as to decrease embryonic death. In any event, the hatch ability rate might decrease 
slightly when the air sac is not the target for the inoculation although not necessarily at commercially 
unacceptable levels. The mechanism of injection is not critical to the practice of the present invention, 
although it is preferred that the needle does not cause undue damage to the egg or to the tissues and 
organs of the developing embryo or the extra-embryonic membranes surrounding the embryo. 

40 Generally, a hypodermic syringe fitted with an approximately 22 gauge needle is suitable. The method 
of the present invention is particularly well adapted for use with an automated injection system, such as 
those described in U.S. Patent Numbers 4.903,635, 5,056,464 and 5.136,979. 

The present invention is particularly well suited for the protection of poultry birds such as chickens from 
infection by Salmonella species. In accordance with the preferred aspect of the present invention there is 

45 provided a live in ovo vaccine for poultry birds comprising an attenuated Salmonella which: 

(a) exhibits auxotrophy for one or more growth factors such that it is incapable of growing on a minimal 
medium in the absence of said one or more growth factors; 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching; and 

(c) is capable of inducing before or immediately after hatching an immune response in the embryo 
so against a virulent form of said Salmonella or an immunologically cross-reactive Salmonella or a virulent 

organism or virus carrying an antigenic determinant expressed by said avirulent Salmonella. 
Preferably, the vaccine is adopted for inoculation into the air sac such that the embryo is substantially 
exposed to the vaccine after breaking through the air sac. Preferred Salmonella species for use as the 
modified microorganisms are Salmonella typhimurium, Salmonella paratyphi A or C Salmonella schott- 
55 multerl f Salmonella choleraesuis, Salmonella montevideo, Salmonella newport, Salmonella enteritidis, 
Salmonella gallinarum, Salmonella pullorum, Salmonella abortusovi, Salmonella abortus- equi. Salmo- 
nella dublin. Salmonella sofia. Salmonella havana, Salmonella bovismorbificans. Salmonella hadar. 
Salmonella arizonae and Salmonella an a turn. More preferably, the modified microorganism is S. 
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typhimurium or S. enteritidis. Conveniently; the mutation is in the aromatic biosynthetic pathway such as 
in aroA, aroB, arcC or aroD. Most preferably, it is in aroK 

These and other aspects of the present invention are further exemplified by the following non-limiting 
examples. 

5 

EXAMPLE 1 

Salmonella typhimurium STM-1 
w Origin 

The parent wild-type strain of S. typhimurium was isolated from a chicken flock infected by Salmonella 
species at the Veterinary Research Institute, Parkville, Victoria, Melbourne, Australia. The isolate was stored 
as a frozen culture. Mutant strain S. typhimurium LTD strain 1545 {aroA Tn:10) was sourced from Dr J 

75 Roth, University of Utah, USA. The STM-1 mutant was generated by phage transduction using P22 
transduction of aroA Tn:10 from strain 1545 to the wild-type S. typhimurium isolated from the chicken flock. 
Transposon Tn:10 insertion mutants were selected and then a transposon deleted aroA deleted mutant 
isolated. This mutant was designated S. typhimurium STM-1 and a sample was deposited at the Australian 
Government Analytical Laboratories, 1 Suakin Street, Pymble, New South Wales, 2037, Australia, and has 

20 been assigned Accession number N93/43266 on October 26, 1993. 

Media 

Tryptic soy broth (TSB) supplemented with yeast extract (1% w/v) is used both for the preparation of 
25 seed cultures and for production of live vaccine. TSB contains digests of casein and soyabean meals, 
together with dextrose, sodium chloride and dipotassium phosphate. The medium is sterilized by auto- 
claving at 121 * C prior to use. Skim milk is employed as a cryoprotectant for freeze drying. 

The growth medium containing casein is sterilized by autoclaving at 121 *C prior to use. Australian 
derived skim milk powder is used in the freeze drying of the vaccine. This material is received in non-sterile 
30 condition and dispatched to Ansel l-Steritech facility in Sydney, Australia, for gamma irradiation at 2.5 
megarads prior to use. 

Powdered growth media are dissolved in distilled water and sterilized at 121 *C for at least 15 minutes. 
Skim milk powder is packed into 1 kilogram quantities in cardboard boxes for gamma irradiation at 2.5 
megarads. "Released Sterile" stickers are applied on return from gamma irradiation after ensuring that the 
as gamma irradiation indicators have changed colour during sterilization. Sterilized skim milk is mixed by 
stirring with the culture after fermentation and concentration prior to lyophilization. 

Characteristics of S. typhimurium STM-1 

40 Salmonella typhimurium STM-1 is aroA" and ser~. The organism will not grow on minimal media. 
STM-1 has a growth profile consistent with an aroA deletion organism requiring both paraaminobenzoic acid 
(PABA) and parahydroxbenzoic acid (PHBA) for growth. The insertion of the Tn:10 transposon, and its 
subsequent deletion near the aroA gene of STM-1, resulted in another mutation along the serine 
biosynthetic pathway. This is supported by the lack of growth on minimal media supplemented with all the 

45 end products of the aromatic pathway with growth occurring only when serine or either glycine and cystine 
is added to the media. The serine deletion does not limit growth of the mutant in vivo. 

STM-1 can be easily distinguished biochemically from its parent strain and related strains by being H2S 
negative. Growth of STM-1 on XLD agar is indicated by the appearance of pink colonies. Growth on 
MacConkey's agar is seen as clear lac negative colonies of characteristic Salmonella appearance. 

so STM-1 strain is, in common with its parent, streptomycin resistant, novobiocin resistant and fusaric acid 
resistant, tt differs from the parent strain in showing greater susceptibility to penicillin and sulfafurazole. 

Serologically, STM-1 colonies and broths test positive for poly "O" antigen and Group B salmonella 
antigens. 

The STM-1 microorganism has the same detectable plasmid composition as its wild-type parent, with 
55 plasmids at 23 Kb, 27.5 Kb (see Figure 1) and two larger plasmids in the 60 to 100 Kb range. Both the wild- 
type and STM-1 express the 1 iKDa cryptic plasmid. 

Salmonella typhimurium STM-1 is virtually non-virulent, being over 10,000 times less virulent than its 
. parent. A comparison between the invasion capability of the wild-type parent and STM-1 indicated in a 



9 



EP 0 650 733 A1 



mouse model that the mutant strain is capable of invading and even persisting in the spleen for a few days 
without causing clinical illness (Figure 2). Throughout the 10 day period, none of the STM-1 infected mice 
died and ail looked healthy as judged by the texture of their coat. In contrast, by day 5 post infection, all 
wild-type mice showed signs of hunching and loose unhealthy coat texture. By day 8 post infection, all wild- 
type infected mice were dead. TTiere was multiplication of wild-type strain in the spleen of wild-type 
infected mice where viable counts exceeded that of the inoculum dose by day 6, whereas those of STM-1 
never reached a count of higher than 10* CFU/ml. Results are shown in Table 1. 

TABLE 1 



DAYS AFTER INOCULATION OF BACTERIA 


Wild-type 08216915 


MUTANT STM-1 


Day 1 


0.0961 5(1 .06x) 


0.0923(1 .01 4x) 


Day 3 


0.17205(1 .89x) 


0.1 3085(1. 44x) 


Day 5 


0.1 944(2.1 4x) 


0.11 555(1 -27x) 


Day 7 


0.339(3.74x) 


0.0977(1 .07x) 


Day 10 


All dead 


0.0910 


( ) represents increase in spleen size compared to that of control mice. 



Mice vaccinated orally or intraperitoneally with STM-1 and then challenged with the wild-type strain at 
10 x LDso were protected against salmonellosis. Splenomegaly data was recorded for a period of 10 days 
after inoculation. Splenomegaly was marked in wild-type infected mice, whereas it was mild, reaching a 
peak at day 3 and declining rapidly to its normal size by day 10 in STM-1. The control strain showed no 
increase in spleen size. Figures 2 to 5 compare the growth characteristics of both STM-1 and wild-type 

strain. . 

In accordance with this invention, STM-1 has been used in extensive chicken trials administered by 
oral, subcutaneous (SC) and intraperitoneal (IP) routes. Oral litres up to 1.2 x 10 10 have been applied and 
found not to cause ill effect. Indeed, vaccinated birds have been shown to be consistently and significantly 
heavier than corresponding inoculated control chickens. 

EXAMPLE 2 

Preparation of Master and Production Seeds 

Salmonella typhimurium STM-1 cultures are grown as follows. A culture is used to inoculate 100 ml of 
growth medium containing TSB supplemented with 1% w/V yeast extract. The broth is incubated at 37 -C 
overnight with shaking. The culture is confirmed as pure by Gram stain, growth on blood agar, growth on 
XLD agar, MacConkey's agar and triple sugar iron (TSI) broth. The culture is lyophilized in the presence of 
sterile skim milk such that each ampoule contains 10^ organisms. This is the Master seed. 

An ampoule of Master seed is then used in the same processes to produce a production seed lot. 
Ampoules of Master and production seed are stored at -20 * C. 

EXAMPLE 3 
Preparation of Vaccine 

Two ampoules of production seed are used to inoculate two aspirator bottles, each containing 
approximately 500ml of growth medium (TSB plus yeast extract) to initiate the growth process. Each 500ml 
culture is used to inoculate approximately 10 litres of growth medium in a pyrex carboy. The carboys are in 
turn used to inoculate a production fermenter. All manipulations up to the carboy culture stage are 
performed aseptically in a btohazard cabinet or laminar flow cabinet. Transfer of the carboy cultures to the 
fermenter is achieved through steam sterilized tubing/hard plumbing connection. 

After 6-8 hours, the inoculum is transferred provided that it is thickly turbid and microscopically pure by 
Gram stain and purity plates. The cultures are connected to a stainless steel fermenter via a steam 
sterilized connection and used to inoculate the fermenter contents. TTte optical density is used to monitor 
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culture growth in the ferm enter. At peak density, the culture is passed through a continuous flow centrifuge 
to achieve concentration of the biomass and re-checked for purity. The culture is chilled during the process. 
The chilled concentrate is blended with sterile skim milk powder and the mixture is filled into pharmaceuti- 
cal grade glass bottles ready for freeze drying. Sterile dry nitrogen gas is used to back fill the bottles at the 
5 end of the lyophilization cycle prior to closing with rubber stoppers and removal from the freeze drier. An 
aluminium donut seal is affixed to each bottle. Bottles are subsequently labelled and packed into cartons for 
dispatch. Prior to release, the vaccine is tested for potency, safety, moisture, purity and identity. 

EXAMPLE 4 

70 

Safety and Efficacy of the Vaccine 

Data on the lack of virulence of STM-1 are provided in Example 1 . A series of experiments addressing 
both oral and subcutaneous injection of STM-1 is set out below demonstrating both the safety and efficacy 
?5 of the organism. 

Experiment 1 

A dose response experiment was designed to ascertain the dose range of STM-1 required orally to 
20 produce strong antibody (lgG) responses in chicken sera wfthout adversely affecting chickens. There were 
four groups of 25 chickens: a control group that received 100 ml of phosphate-buffered saline (PBS) (0.145 
M NaCI, 0.01 M sodium phosphate [pH 7.1]) per chicken, and three inoculated groups that received 10*. 
10*. or 10 10 STM-1 per chicken. These chickens were inoculated at 1 day of age. Blood was taken from 5 
chickens in each group at 7, 14, 21 and 28 days after inoculation. Sera obtained from these bloods were 
25 examined for humoral responses to sonicated STM-1 in an enzyme linked immunosorbent assay (ELISA). 
Low doses (1 x 10*) of the bacterium produced no significant IgG responses, intermediate doses (1 x 10 s ) 
produced significant responses in birds 21 and 28 days post-inoculation and high doses (1 x 10 10 ) 
produced significant responses in chickens 7, 14, 21 and 28 days post-inoculation. 

30 Experiment 2 

Information gathered in Experiment 1 was used to examine IgG, IgM and IgA responses in sera and gut 
washings from chickens inoculated orally and subcutaneously with 10 9 STM-1. This examination of humoral 
responses in orally and subcutaneously inoculated chickens was to provide information on the level of 

35 antibody responses elicited by these routes of inoculation. Four groups of chickens were inoculated at 1 
day of age. Two groups of 30 chickens were inoculated with STM-1, one orally and the other sub- 
cutaneously. Two other groups of 22 chickens received PBS orally or subcutaneously. Blood was taken 
from 5 chickens in each group at 7, 14, 21 and 28 days post-inoculation. Fecal swabs were taken from the 
orally inoculated chickens on the same days as the bloods before all chickens were killed and intestine 

40 removed for preparation of gut washings. The sera and gut washings from these chickens were examined 
for IgG, IgM and IgA responses to STM-1 antigens by ELISA. 

No antibody responses were detected in sera or gut washings from 7-day-old chickens. The first 
statistically significant antibody responses detected were IgG responses to sonicated STM-1 and IgM 
responses to STM-1 lipopolysaccharide (LPS) in sera from 14-day-old chickens. The first significant IgA 

45 responses to STM-1 LPS were detected in sera from 21 -day-old chickens. Antibody responses in gut 
washings from orally inoculated chickens were restricted to IgG and IgA, with the response detected being 
an IgG response to STM-1 LPS in gut washings from 21-day-old chickens. Interestingly, no significant IgM 
response was detected to STM-1 porins in sera or to any of the STM antigens in gut washings. 

Table 2 and Figures 6, 7, and 8 summarize these findings. Table 2 and Figures 9 and 10 also show 

so humoral responses in chickens immunized subcutaneously with STM-1 . 
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The first statistically significant IgG, IgM and IgA responses were detected in sera from 14-, 7- and 21- 
day-old chickens. IgM responses were directed against all three antigens, including STM porins. No 
antibody responses were detectable in gut washings. High IgG responses to STM-1 porins in gut washings 
and IgM responses to STM-1 porins in sera were seen in 28-day-old control chickens. However, this 
elevation in levels of antibody responses was not detectable when STM-1 LPS was used as the antigen in 
the EUSA. 

Chickens vaccinated with 1 x 10 s STM-1 subcutaneously and challenged subcutaneously 7 days later 
with 1 x 10 8 virulent S.typhimurium all survived the challenge, whereas a non-vaccinated group also 
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challenged subcutaneousfy with 1 x 10 8 virulent S. typhimurium all died. Chickens orally vaccinated with 
STM-1 prior to oral challenge with a virulent 5. typhimurium stopped excreting the organism before non- 
vaccinated chickens. No chickens died during the experiment, but all excreted the virulent organism post- 
chailenge. However, by 35 days post-challenge, fecal swabs showed that all vaccinated chicken ceased to 
excrete the virulent organism, but 10 out of 30 non-vaccinated chickens were still exacting the organism. 

EXAMPLE 5 

Effect of S. typhimurium STM-1 on Weight Gain 

To examine the effect of an oral inoculation of STM-1 on the weight gain of chickens, the chickens were 
orally inoculated and weighed. The results are shown in Table 3. 

Oral inoculation of chickens with 1 x 10 9 or 5 x 10 9 STM-1 did not adversely affect the weight gain of 
the chickens, as the inoculated chickens had significantly greater weights than controls at the same age. 
The weight gain experienced at the laboratory level and shown in Table 3 was also seen in the field trials. 

Table 3 



Body Weight and Mortality of Broiler Chickens Vaccinated with STM-1 via the Drinking Water at 

Day Old 



Shed 1 (10,000 birds.vaccinated) 


Shed 2 (15,000 birds, non-vaccinated 


Age 


Bodyweight 
(9) 


Mortality (%) 


Bodyweight (g) 


Mortality (%) 


0 


43 




43 




7 


135 


1.57 


128 


.2:47 * 


14 


352 


2.10 


348 


4.58 


21 


655 


2.42 


660 


5.00 


28 


1041 


2.89 


1067 


5.44 


35 


1410 


3.50 


1420 


5.93 


42 


1792 


4.03 


1697 


6.11 



EXAMPLE 6 

Spread and Persistence of the Vaccine Strain 

The vaccine has been shown to spread to birds when the birds are maintained in high density housing. 
Investigations into the spread of STM-1 within a group of chickens in the laboratory, of which only 2 were 
inoculated, revealed the organism spread rapidly when the group was in close proximity and maintained on 
solid flooring. Examination of fecal swabs revealed that all chickens were excreting the organism within 5 
days, but that the organism was eliminated from the chickens by day 14. 

However, under field conditions, where flooring is varied and bird distance greater, there was signifi- 
cantly reduced bird to bird transmission. Indeed, the rate of bird to bird transmission was inadequate for 
inducement of a protective response. Only 60% of the in-contact birds in pen trials showed STM-1 spread, 
but not at adequate levels to provide a protective response. 

STM-1 , if administered to chickens at 1 day of age, cannot be isolated after day 28 in the laboratory. 
Fecal swabs taken on days 7, 14, 21 and 28 post-inoculation revealed orally inoculated chickens were 
excreting the organism only at the first two sampling times tested. Field results showed a similar pattern. 

Set out in Table 4 are the STM-1 isolation rates on a 30,000 bird field trial. 
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EXAMPLE 7 

Colonization of "Pre-Hatch" and "Post-Hatch" Organs of Chickens by Salmonella typhimurium Mutant 
STM-1 After Air Sac Vaccination at 1 8 Days of Incubation in ovo 

5 

The object of this experiment was to determine the colonization of tissues and fecal shedding of STM-1 
at different levels of vaccination at day 18 following in ovo administration. 

Sixteen day incubated eggs were maintained in an incubator with regular turning 2 times daily. Newly- 
hatched chickens were reared in individual groups under standard infra-red chicken rearing lamps. Water 
w was available arf libitum and chemotherapy-free feed was used. At incubation day 18, the chicken embryos 
were vaccinated in ovo with either 10 s colony forming units (cfu) or 10* cfu of S. typhimurium STM-1 
growing cultures. Administration was by direct inoculation into the air sac of the egg. In another trial, 10* cfu 
or 10* cfu of the STM-1 mutant were administered to the egg. 

is Results 

The hatched chicks, whether inoculated with 10*. 10 s , or 10 s cfu shed the vaccine strain for the first 
three days post-hatching. Between 3 and 12 days, there was significant shedding from the chicks 
vaccinated with the STM-1 strain. The STM-1 mutant was cultured from all organs of all chicks given 10 8 
20 cfu per egg for up to 8 days and the majority of chicks given 10+ and 10* cfu per egg. By way of example, 
4 day chicks (five chicks) derived from eggs inoculated with 10* cfu STM-1 showed colonization of the 
following tissues: 

4/5 heart 

5/5 liver 

25 5/5 intestine . , . t ■ 

5/5 caecum 

These results indicate that the mutant STM-1 can be. administered at day 18 to the egg at from 10* - 
10 8 cfu per egg with no adverse effect on hatchability and subsequent chick viability. After in ovo 
vaccination at day 18, the organism colonized a wide range of organs and. tissues in the chicken and there 
30 was shedding of the organism for a period of at least 8 days post-hatching. 

EXAMPLE 8 

Efficacy of in ovo Administration of STM-1 against Subcutaneous Challenge by Virulent Salmonella 
35 typhimurium 

The objective of this experiment was to determine if in ovo vaccination with STM-1 protects chicks from 
the clinical effects of S. typhimurium given subcutaneously at 7 days post-hatching. 

40 Materials and Methods 

The primary criterion for efficacy is mortality. Secondary measurements include differential fecal 
shedding and organ colonization, 

Eggs were vaccinated on the eighteenth day of incubation with 10* or 10 6 STM-1 and chicks were 

45 challenged on the seventh day post-hatch with a dose 1 or 100 times greater than the LDso of wild-type S. 
typhimurium. For each vaccination dose. 2 groups of 10 birds were challenged with 10 6 or 10 s cfu 
subcutaneously and a third group of 10 birds were left unchallenged. Three groups of 10 non-vaccinated 
birds were used as controls, 2 groups were challenged and 1 group left unchallenged. Health was 
monitored for all birds on a twice daily basis. Fecal shedding was monitored by culturing cloacal swabs for 

so all birds on nominated days. Organ colonization was determined on all birds that died, and the surviving 
birds in each group were sacrificed and nominated organs were cultured on the fourteenth day after 
challenge. 

The challenge strain was Salmonella typhimurium strain 82/6915. 

The chicks received chemotherapy-free feed treated by gamma irradiation (Barastoc Stock Feeds, St 
55 Arnaud, Victoria, Australia) in 10 kg vacuum sealed multiwall paper and PVC containers. Each box was 
individually tested for the presence of Salmonella. 

Hatched chicks were reared under infra-red heating lamps in accordance with general practice. Feed 
and water was available arf libitum throughout the trial period. 
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Forty eggs each were vaccinated with STM-1 with 10* cfu per egg and 10* cfu per egg, respectively, to 
ensure a minimum of 30 chicks per dose available for chaJlenge at 7 days post-hatching. 

Results 

1 . Hatchability 

The rate of hatchability of eggs vaccinated with 10* cfu per egg, 10* cfu per egg and non-vaccinated 
eggs is shown in Table 5. 

Tables 



Hatchability 




10* cfu/egg 


10* cfu/egg 


non-vaccinated 


No. of eggs 


42 


42 


42 


No. hatched 


34 


36 


33 


% hatched 


81 


86 


79 



2. Challenge with Salmonella typhimurium 

Non-vaccinated birds challenged with 10* cfu per chick of wild-type S. typhimurium died rapidly in the 
first 72 hours. Ten out of 11 birds died. In the vaccinated chicks challenged with 1tf cfu per chick with S. 
typhimurium, 2 out of 9 birds died in the first 72 hours. For vaccinated chicks challenged with 10 8 cfu, 4 
out of 8 birds died in the first 72 hours following challenge. There was little difference between vaccination 
with 10* or 10* STM-1. 

The results for both groups indicate that there is a significant level of protection being offered by the 
vaccination procedure when compared to the non-vaccinated group. 

The challenge dose of 10 s cfu per chick administered subcutaneously was estimated at 100 times LD50 
for this Salmonella isolate and it is surprising that the challenge organism did not totally overwhelm the 
immune system of the in ovo vaccinated chick. In groups where a lower challenge dose of 10 s cfu per 
chick of the pathogenic Salmonella was used, there resulted a slower onset of the clinical effects. Based on 
these results, it is concluded that in ovo vaccination with STM-1 clearly protects chickens from subcutane- 
ous challenge with virulent wild-type Salmonella typhimurium. 

Microbiology data indicated that there was 100% colonization of STM-1 in chicks at day 4 post-hatch 
after vaccination in ovo with 10* and 10 6 STM-1. This organism was excreted in the faeces of vaccinated 
birds up to day 10, but by day 14, only 1 in 38 vaccinated birds were STM-1 -positive in the intestine. 
Accordingly, STM-1 established systemic colonization of chicks after in ovo vaccinations. 

EXAMPLE 9 

Efficacy of in ovo Administration of Salmonella typhimurium STM-1 Against Subcutaneous Challenge by 
Virulent Salmonella enteritidis 

The aim of this experiment is to determine if in ovo vaccination with STM-1 protects chicks from wild- 
type S, enteritidis challenged by subcutaneous administration. 

Materials and Methods 

The primary criterion for efficacy is mortality. The secondary measurements are differential fecal 
shedding and organ colonization. The vaccine was administered in ovo at 10* or 10 6 cfu per egg and 
challenge was given subcutaneously at 5 x 10 7 cfu per chick. Chicks received chemotherapy-free feed 
treated by gamma irradiation (Barastoc Stock Feeds, St Arnaud. Victoria) in 10kg vacuum sealed multiwaJI 
paper and PVC containers. Each box was individually tested for the presence of Salmonella. 
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Hatched chickens were reared under infra-red heating lamps in accordance with general practices. Feed 
and water was available ad libitum throughout the trial period. The challenge strain was $. enteritidis strain 
446302. 

The eggs were vaccinated on the eighteenth day and incubation with 10* or 10* cfu per egg and chicks 
s were challenged on the seventh day after hatch. 

Results 

The percentage hatchability of the eggs in the unvaccinated group, the 10* cfu per egg vaccinated 
10 group and the 10* cfu per egg vaccinated group were 87.2%, 95.6% and 69.6%, respectively. The 
respective body weights were 49.0 g, 48.3 g and 45.0 g. Hatchability was dependent on incubator 
performance and the low hatchability rate for the 10 s cfu per egg vaccination was probably due to the 
incubator rather than the vaccination. 

In the non-vaccinated chicks challenged at 5 x 10 7 cfu per chick with wild-type S. enteritidis, there 
75 were rapid deaths (11 of 12 chicks by day 5). In the vaccinated chicks challenged with the same amount of 
S. enteritidis, there was a different pattern of chick deaths over an extended period of time. Eggs 
vaccinated with 10 6 cfu per egg and then challenged resulted in 4 out of 8 birds dying in the first 6 days 
and one death after day 8. The eggs vaccinated with 10* cfu per egg resulted in 4 deaths out of 11 birds on 
days 4 to 6 post-challenge and one death one at day 11 and one death at day 13. These results indicate 
20 that there is marked degree of cross-protection being offered by the vaccination procedure when compared 
to the non-vaccinated group. 

The challenge dose of 5 x 10 7 cfu per chick administered subcutaneously was estimated at 100 times 
IXfeo for this Salmonella isolate. 

Analysis of the serum IgG levels in the hatched chicks showed a higher average IgG level in vaccinated 
25 birds compared to non-vaccinated birds. This result shows that any in ovo vaccination is effective in 
stimulating an IgG response in chicks and the results obtained are at least as good as those seen in chicks 
that have survived a wild-type Salmonella challenge. 

The study confirmed that inoculation of 18 day chick embryos with either 10* or 10* cfu of STM-1 
resulted in effective colonization in 100% of vaccinates by the time of hatch. In ovo vaccination confirmed 
30 cross protection against challenge with S. enteritidis challenged with a dose of 5 x 10 7 cfu subcutaneously 
administered. 

EXAMPLE 10 

35 Efficacy of in ovo Administration of Salmonella typhimurium STM-1 Against Oral Challenge with Virulent 
Salmonella enteritidis 

The purpose of this experiment was to establish whether chicks vaccinated in ovo at 17 days with S. 
typhimurium STM-1 have less colonization of tissues by S. enteritidis at 7 and 14 days post oral challenge 
40 with that organism. 

Materials and Methods 

The primary criteria for efficacy are measurements of differential fecal shedding and organ colonization. 
45 The vaccine was administered in ovo at 10 2 or 10* cfu per egg and the challenge was given orally at 1 x 
10/ cfu per chick or 6 x 10 8 cfu per chick. 

Chicks received chemotherapy-free feed treated by gamma irradiation (Barastoc Stock Feeds, St 
Amaud, Victoria) in 10kg vacuum sealed multiwall paper and PVC containers. Each box was individually 
tested for the presence of Salmonella, 
so Hatched chicks were reared under infra red heating lamps in accordance with general practices. Feed 
and water was available ad libitum throughout the trial period. The challenge strain was Salmonella 
enteritidis 446302. 

Results 

55 

The effects of the vaccine on hatchability and average body weight are shown in Table 6. No 
differences were evident in hatchability or body weight. 
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Table 6 



Group 


Incubator 


Treatment 


% Hatch of 
Fertile Eggs 


Average Body Weight 


A 


1 


lO^cfu/egg 


95 


41 .6 g 


B 


2 


10*cfu/egg 


93 


42.0 g 


C 


3 


unvaccinated 


90 


41 .5 g 



Following challenge with the virulent organism (Salmonella enteritidis), only 1 chick died in the post- 
challenge period. This chick hatched from eggs vaccinated with 10 2 cfu per egg. This is probably an 
accidental death rather than attributable to Salmonella infection. 

With regard to weight gain, the chickens were uniform throughout the trial period. At day 4 post-hatch, 
49 out of 50 chicks that were vaccinated with STM-1 in ovo shed the vaccine strain. The results are shown 
in Table 7. 



Table 7 



Box # 


Treatment 


No of Chicks 


+ ve STM-1 


Chalt. Dose x LD50 


+ve Group D 
(S. enteritidis) 


1 


Vacc 10 2 cfu (day 4 post-hatch) 


13 


13/13 


1 




2 


■ 


13 


13/13 


100 




3 


Vacc 10* cfu 


13 


13/13 


1 




4 




11 


10/11 


100 




5 


Non vacc. 


12 


1/12 


1 


9/12 


6 




11 




100 


9/11 


- stands for non-detectable S. enteriditis. 



The results show that the vaccination procedure is safe, does not appear to affect the hatch rate or 
chick viability and is ideally suited for large numbers of broiler hatchings. 

EXAMPLE 1 1 



Determination of the Ability of the Salmonella typhimuhum STM-1 Organism to Replicate In Ovo After 
Administration at 17 Days of Incubation 

The objective of this experiment was to assess the amount of recoverable S. typhimurium STM-1 
organism from homogenized in ovo tissue over a 4 day incubation period (days 17-21 of incubation) after 
the administration of 10 2 cfu per egg or 10* cfu per egg of the STM-1 organism via the air sac. 

Materials and Methods 

The STM-1 organism was administered through the shell into the air sac space at day 17 of incubation. 
The primary measurement was estimation of the colony forming units of the STM-1 in egg shell tissue at a 
series of designated time intervals after incubation. 

Seventeen day old incubated eggs were inoculated as follows: 

18 eggs at 10 2 cfu per egg; 

18 eggs at 10* cfu per egg. 

Administration into the air sac was via a 26 gauge needle. At 2£, 26, 45, 69 and 100 hours post- 
vaccination, eggs were homogenized and cultured. 

Homogenization occurred by a Waring blender. Aliquots of 100 ml of blending liquid comprising 50 ml 
of nutrient broth with 1% w/v yeast extract and 50 ml of PBS were added. . The contents were homogenized 
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for 60 seconds at low speed and retained for culture. 
Results 

No STM-1 colonies were present at any dilution when assayed at 2£ hours. At 26 hours post incubation 
in one egg (vaccinated at 10* cfu per egg/egg), STM-1 was recorded in 100 ul and 1.0 ml plates (2 and 8 
colonies, respectively giving an estimated egg count of 1.2 x 10 3 cfu). A dramatic increase in replication of 
STM-1 occurred after this time in all eggs tested. Results are shown in Table 8: 



Table 8 





egg count @ 69 hours 


egg count @ 100 hours 


Eggs vaccinated @ 10 2 cfu of STM -1 


7x 10* 


1.2 x 10 s 




4x 10 s 


3x 107 




9x10 s 


1.5x 10 8 


Eggs vaccinated @ 10> cfu of STM-1 


6x10 s 


1.2 x10 s 




9x10 s 


1.2 x10 s 




1 x 10 s 


3x10* 



The results show that there is an initial stationary phase for the first at least 45 hours with no evidence 
of replication of STM-1 organism in ovo. In the period 45 to 100 hours, there is significant replication of 
STM-1. 

EXAMPLE 12 

Determination of the Ability of Salmonella typhimurium STM-1 Organism to Replicate In Ovo After 
Administration into the Egg at 14 Days of Incubation 

The objective of this experiment was to assess the amount of recoverable STM-1 organisms from the 
eggs over a 7 day incubation period (14 to 21 days after administration of 10 2 cfu per egg into the air sac). 

Materials and Methods 

The STM-1 organism was administered through the shell into the air sac. Primary measurement is an 
estimation of colony forming units of STM-1 within egg shell tissue at a series of designated time intervals 
after incubation. 

Fourteen day incubated eggs were inoculated as follows: 

1 . 36 eggs at 10 2 cfu per egg 

2. 9 eggs inoculated with 0.1 ml of PBS 

Seventeen day incubated eggs were inoculated as follows: 

1. 30 eggs at 10 2 cfu per egg 

2. 15 eggs at 10 1 cfu per egg 

Ten eggs not treated were retained as controls. 

Bacterial replication was assessed at 24, 72, 96 and 168 hours after inoculation (with dosages indicated) 
by homogenizing eggs as in Example 11, and thereafter counting the number of organisms present. Two 
eggs were analyzed at each time point. 
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Results 



Replication after 24 hours: 


17 days ©10 1 


^OxKPcfu 


14 days @ 10 2 


4.5 x 10? cfu 
negative 


17 days @ 10 2 


7.7x10* cfu 
2.1 x 10* cfu 



Replication after 72 hours: 


14 days @ 10 2 


1.8 x 10? cfu 
1.6 x 10 s cfu 


17 days ©lO 2 


1.3 x 10 s cfu 
0.2 x 10 s cfu 



Replication after 96 hours: 


17 days @ 10 2 


< 10* cfu 
8.0 x 10 s cfu 


17 days @ 10 1 


9.0 x 10 7 cfu 
8.0 x 10* cfu 





Replication after 168 hours: 




14 days @ 10 2 


4.0 x 10* cfu 


35 




2.0 x10 s 



The administered organisms were not embryotoxic. The above results show evidence of significant 

replication of STM-1 organisms in the eggs in the first 24 hours. 
40 Eggs inoculated as early as 14 days after fertilization with 10 1 cfu/egg of STM-1 contain 10* organisms 

prior to hatching at day 21 (168 hours replication), indicating the STM-1 organism is capable of significant 

replication within the egg even when present at an initial low inoculum. 

Embryo tissue as well as the air sac were analysed during the incubation period for bacterial growth. 

The STM-1 organism was not incorporated into organs/tissue whilst in ovo. Bacterial replication was shown 
45 to take place within the air sac. When chicks pierce the air sac membrane prior to hatching there is rapid 

replication of STM-1 within the developing chick. STM-1 was isolated in all organs tested at days 4 and 8 

post-hatch, with the exception, of course, of the controls where no STM-1 was present either in eggs or 

chicks derived therefrom. 

so EXAMPLE 13 

Viability of Developing Embryo Following in ovo Inoculation of Salmonella Organisms at D ifferent Sites of 
the Egg 

55 The object of this experiment was to compare the viability of the developing chick embryo following in 
ovo inoculation of Salmonella organisms into the air sac. yolk sac and chorioalantoic membrane (CAM). 
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Materials and Methods 

Inoculations were made into the air sac, yolk sac and CAM using 1 x 10 s cfu of either STM-1, or 
virulent strains of Salmonella typhimurium or Salmonella enteritidis. Seventeen day incubated eggs were 
s used in this experiment. Virulent Salmonella species used were Salmonella typhimurium 82/6915 and 
Salmonella enteritidis 446382. 

Results 



io The results of this experiment were as follows: 





Air Sac Inoculation 




STM-1 


7 out of 7 hatched 


15 


5. typhimurium 


2 out of 4 hatched 




S. enteritidis 


6 out of 8 hatched 



Yolk Sac Inoculation 


STM-1 


1 out of 7 hatched (1 egg was chipped which was viable at 20 days) 
5 out of 7 died at 21 days 


S. typhimurium 
S. enteritidis 


7 out of 7 dead in 24 hours 
7 out of 7 dead in 24 hours 



CAM Inoculation 


STM-1 


2 out of 7 hatched 

5 out of 7 dead at 21 days 


S. typhimurium 
S. enteritidis 


7 out of 7 dead in 24 hours 
7 out of 7 dead in 24 hours 



The results showed that the administration of the two known Salmonella pathogens, i.e., Salmonella 
typhimurium 82/6915 and Salmonella enteritidis 446302, via the yolk sac and CAM routes, results in rapid 
embryo death. These routes of administration mimic the parenteral route such as subcutaneous administra- 
tion into a hatched chick. 

40 

The results also show that the two known pathogens did not exert an equivalent effect with the same 
dose of inoculation when administered via the air sac. In the case of S. enteritidis, there appeared to be no 
adverse affect on chick viability. 

ft is postulated that the organism resides and replicates within the air sac and that the chick is not 
infected until it breaks through the air sac membrane in the 24 hour period prior to hatching. 

The results also show that Salmonella typhimurium STM-1 is of lower pathogenicity than the other two 
known pathogenic strains. While chick viability is compromised following STM-1 inoculation into the yolk 
sac and CAM, the effect of the inoculation was not as deleterious on the viability of the embryos compared 
to inoculation of the known pathogenic strains. 

50 EXAMPLE 14 

Expression of Antigenic Epitopes in Salmonella typhimurium STM-1 

The present invention extends to a vaccine comprising Salmonella species of the type including 
Salmonella typhimurium STM-1 in order to immunize a chick against a virulent form of the same organism 
or an immunologically cross-reactive organism. The present invention also extends to the use of a 
Salmonella species carrying a recombinantly expressed antigen such as an antigen from another avian 
pathogenic species. 
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A number of vectors capable of expressing genetic sequences in Salmonella have been published and 
may be used in accordance with the present invention. Such vectors include those described by Schodel et 
at., Vaccine, 11: 143-148, 1993, and Schodel et al., J. Immunol., 12: 4317-4321, 1990. Artematively, 
techniques such as transduction, conjugation and/or transformation may be used to generate strains of 
Salmonella expressing antigens not normally associated with that particular strain. Such modified Salmo- 
nella strains are useful as multivalent vaccines. 

Once a genetically modified Salmonella typhimurium STM-1 strain is produced, it is administered to 
the air sac according to the methods herein described. Generally, inoculation is made at day 17 or 18 of the 
incubation period. After hatching, recipient chickens are challenged with the causative agent for which the 
antigenic determinant is isolated and/or serological analysis is conducted and/or microbiological analysis is 
conducted. Such vaccinated chickens should exhibit similar protection rates against virulent forms of the 
source of the antigenic epitopes as occur when STM-1 alone is used to vaccinate eggs. 

EXAMPLE 15 

Production Of Aro Mutants 

Aro deletion mutants are prepared according to the methods as described in U.S. Patent Nos. 
4 735 801 5,210 035 and 4,837,151 . ail of which are incorporated herein by reference in their entirety. Wild- 
type Salmonella. Shigella, Klebsiella, Enterobacter, Serratia, Proteus, Yersinia, Vibrio, Aewromanas, 
Pasteurella, Pseudomonas. Acinetobacter, Moraxella, Flavobacterium and Escherichia coll are sub- 
jected to phage transduction using phage carrying a Tn 10 transposon inserted into the aroA. aroB, arcC or 
aroO. Resultant mutants are selected for tetracycline resistance. 

Genetically modified organisms, such as Salmonella strains, are administered to the air sac according 
to the methods herein described. After hatching, recipient chickens are challenged with wild-type strains. 
Vaccinated chickens exhibit protection against virulent wild-type strains. 

Claims 

1 A live in ovo vaccine for avian species comprising an attenuated microorganism which: 

(a) exhibits auxotrophy to one or more growth factors such that it is incapable of growing on a 
minimal medium in the absence of said one or more growth factors; 

(b) is capable of colonizing one or more tissues in an embryo prior to hatching; and 

(c) is capable of inducing before or immediately after hatching an immune response in the embryo 
against a virulent form of said microorganism or an immunologically cross-reactive microorganism or 
a virulent organism or virus carrying an antigenic determinant expressed by said attenuated 
microorganism. 

2. A live in ovo vaccine according to claim 1 wherein the avian species is selected from the group 
consisting of chickens, ducks, turkeys, geese, bantams, quail and pigeons. 

3. A live in ovo vaccine according to claim 2 wherein the avian species is chickens. 

4 A live in ovo vaccine according to claim 1 wherein the attenuated microorganism is selected from the 
group consisting of Salmonella, Shigella, Klebsiella, Enterobacter, Serratia. Proteus. Yersinia, 
Vibrio, Aeromonas, Pasteurella. Pseudomonas, Acinetobacter. Moraxella, Flavobacterium, 
Mycoplasma and Escherichia coll 

5, A live in ovo vaccine according to claim 1 wherein the attenuated microorganism is a Salmonella 
selected from the group consisting of Salmonella typhimurium. Salmonella paratyphi A or C 
Salmonella schottmulleri, Salmonella choteraesuis. Salmonella montevideo, Salmonella newport. 
Salmonella enteritidis, Salmonella gaflinarum, Salmonella pullorum, Salmonella abortusovi, Salmo- 
nella abortus-equi. Salmonella dublin. Salmonella sofia. Salmonella havana. Salmonella bovis- 
morbificans, Salmonella hadar, Salmonella arizonae and Salmonella ana turn. 

6. A live in ovo vaccine according to claim 1 wherein the attenuated microorganism is substantially 
incapable of synthesizing chorismate. 
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7. A live in ovo vaccine according to claim 8 wherein the attenuated microorganism carries a nucleotide 
substitution, deletion and/or an insertion in one or more genes selected from the group consisting of 
aroK aroB, aroC and aroD. 

s a A live in ovo vaccine according to claim 7 wherein the attenuated microorganism carries a deletion in 
at least one gene selected from the group consisting of aroA, aroB, arcC and aroD. 

9. A live in ovo vaccine according to claim 7 further comprising a mutation in a gene encoding an 
enzyme of a biosynthetic pathway other than the Aro pathway. 

w 

10. A live in ovo vaccine according to claim 9 wherein the other biosynthetic pathway is the biosynthesis of 
serine. 

11. A live in ovo vaccine according to claim 1 adapted for administration into the air sac of the egg such 
is that the embryo is substantially exposed to the vaccine after breaking through the air sac. 

12. A live in ovo vaccine according to claim 1 wherein the attenuated microorganism competitively 
excludes pathogenic microorganisms from the newly-hatched bird. 

20 A3. A live in ovo vaccine according to claim 1 wherein the attenuated microorganism expresses antigenic 
epitopes from one or more avian pathogenic agents selected from microorganisms, helminths, proto- 
zoans, yeasts and viruses. 

14. A live in ovo vaccine according to claim 13 wherein the attenuated microorganism expresses one or 
25 more antigen epitopes from a species of Eimeria. 

15. A live in ovo vaccine according to claim 13 wherein the attenuated microorganism expresses one or 
more antigenic epitopes from one or more causative agents of avian leucosis, reticuloendoetheliosis, 
infectious bronchitis, infectious bursal disease, Newcastle disease, adenovirus disease, reo virus dis- 

30 ease, pox disease, laryngotracheitis, avian influenza, infectious coryza, fowl typhoid, cryptosporidiosis 
and fowl cholera. 

16. A method for immunizing an avian species against infection by a pathogenic microorganism said 
method comprising administering in ovo an attenuated microorganism which: 

35 (a) exhibits auxotrophy to one or more growth factors such that it is incapable of growing on a 

minimal medium in the absence of said one or more growth factors; and 
(b) is capable of colonizing one or more tissues in an embryo prior to hatching 
in an amount and under conditions effective to induce an immune response in the embryo before or 
immediately after hatching against a virulent form of said attenuated microorganism or an im- 
40 munologicaily cross-reactive microorganism or virulent organism or virus carrying an antigenic deter- 
minant expressed by said attenuated microorganism. 

17. A method according to claim 16 wherein the avian species is selected from chickens, ducks, turkeys, 
geese, bantams, quail and pigeons. 

45 

13. A method according to claim 16 wherein the attenuated microorganism is selected from the group 
consisting of Salmonella, Shigella, Klebsiella, Enterobacter, Serratia, Proteins, Yersinia, Vibrio, 
Aeromonas, Pasteurella, Pseudomonas, Acinetobacter, Moraxella, Flavobacterium, Mycoplasma 
and Escherichia coli. 

so 

19. A method according to claim 16 wherein the attenuated microorganism is a Salmonella selected from 
the group consisting of Salmonella typhimurium. Salmonella paratyphi A or C, Salmonella schott- 
mulleri. Salmonella choteraesuis t Salmonella montevideo, Salmonella newport, Salmonella en- 
teritidis. Salmonella gallinawm, Salmonella pullorum. Salmonella abortusovi, Salmonella abortus - 
55 equi, Salmonella dublin, Salmonella sofia, Salmonella havana, Salmonella bovismorbificans, Sal- 
monella hadar. Salmonella arizonae and Salmonella anatum. 
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20. A method according to claim 16 wherein the attenuated microorganism is substantially incapable of 
synthesizing chorismate. 

21. A method according to claim 16 wherein the attenuated microorganism is administered to the air sac of 
s the egg such that the embryo is substantially exposed to the vaccine after breaking through the air sac. 

22. Salmonella typhimurium STM-1 deposited at the Australian Government Analytical Laboratories under 
Accession number N93/43266. 
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FIGURE 1 
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figure 3 VIABLE COUNTS IN THE SPLEEN 
OF MICE INFECTED WITH WILD TYPE 
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figure 4 VIABLE COUNTS IN THE SPLEEN 
OF MICE INFECTED WITH STM 
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FIGURES VIABLE COUNTS IN THE SPLEEN OF 
MICE INFECTED WITH STM AND WILD TYPE 

8216915. 
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FIGURE 6 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 10 
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